Introduction
Numerical modeling is increasingly promoting into design practice. Using powerful computers and efficient software systems can provide valuable results, which serve to increase the reliability of the proposed support systems and elements [1] as well as to a qualitatively higher level in the design of building structures [2] [3] [4] [5] [6] [7] [8] [9] . An important tool for mathematical modeling is particularly the Finite Element Method -FEM, whose principle is to discrete continuum to certain (finite) number of elements and the determination of calculated parameters in individual nodes. Numerical modeling finds its application in all sorts of areas of engineering and many high-quality papers and studies have already been published in this area of the research [10] [11] [12] [13] [14] . The results of numerical modeling have usually limited use without the experimental verification or without the load test [15, 16] . Test results may lead to calibration and validation of mathematical model, which should ensure compliance of the numerical model and the actual behavior of the investigated structure [17] . Valuable results of mathematical modeling are also conditional on defining the material models, which are often associated with laboratory-obtained material properties [18, 19] .
The stress analysis of welds has got also the considerable attention in the past. In [20] it was defined stress intensity factor of welded joint for typical structural details, among others for cruciform joint fillet weld. In [21] the authors discuss the derivation of the so called notch stress intensity factors for welded joints, using which can be accurately described stress distributions in the toe neighborhood of weld toes. An exact solution on the stress analysis of fillet welds was described e.g. in [22] . With the development of commercial computing systems there have been emerging works whose aim to describe the state of stress in the welds through FEM analysis. In [23] the approach for a determination of the notch stress intensity factor in welded joints using three-dimensional finite element models (SOLID 186) in software system ANSYS is described. Real behavior of welds in terms of stress analysis can be examined through physical tests. Publication [24] contains the results from twenty-four cruciform weld experiments and complementary finite element simulations to study the effect of the weld root notch on strength and ductility of fillet welds. Research of stresses in welds can also be performed e.g., using a digital camera, as in assessment of stress intensity factors for load-carrying fillet welded cruciform joints [25] . The publication [26] aims to investigate the stress-strain state in mechanically heterogeneous welded joints with a single-V butt weld by an analytical model along with a numerical simulation in ABAQUS finite element analysis software. From the above summary of publications aimed at mathematical modeling of structures, focusing on the problems of welded oriented problems is obvious that this is a very current topic. The further interpretation is dedicated to problems of mathematical modeling of welded bearing elements in steel structures -fillet welded lap joint and double V butt welded joints. Some works focused on numerical modelling of welded joints based on experimental verification have been published [27] [28] [29] .
The proposal of the experiment
Three types of specimens were designed to investigate the state of stress in fillet of butt welds. Specimens were designed to reflect the fact that the stiffness of connected elements has to be higher than the stiffness of the welded joints ( Figs. 1  and 2 ).
The tension test was performed during the experiment, wherein the totals load value and the corresponding deformation of the specimens under the load was monitored. Obtained data were used for the calibration of numerical models of test samples and they are necessary for further strain analysis of steel supporting elements. The results of the study suggest that the numerical modeling describes the stress-strain state in welded joints with sufficient precision. The proposed computation procedure could be used in design practice for calculations of the stress-strain state in welded joints.
It can therefore be assumed that the stress-strain diagram will reflect the behavior of strains and stresses in welds. It has to be noted also that for comparison of the behavior of the weld sample in Figure 2 was made special specimen with the same geometrical parameters, which is not welded, but is formed by only the base material. During the experiments it was monitored the displacement and the resulting force carried into the specimens. The elements were loaded with speed 2.5 kN/s and cyclically pressure unloaded for reasons relaxation due to imperfections. Additional tests were also carried out during the experiment using extensometer for measurements of the real shift of the press head. Laboratory measurements of the examined samples, focusing on the stress-strain analysis of the welds, were also supplemented by a test using a laser sensor Electronic Speckle-Pattern Interferometry -ESPI [30] . Infrared thermography non-destructive testing was also used for the determining the stress distribution in welds of tested samples (such as in [31] ).
Numerical modeling of experiment
A welded joint consists of separate zones (such as the main material, the weld and the heat affected zone) with different mechanical properties, therefore it is mechanically heterogeneous. This fact was taken into account in numerical modeling.
The main aim was at defining the tested samples of numerical models for using FEM analysis in commercial software ANSYS. The SOLID186 20-node isoparametric finite elements were used for modeling of all elements of the models. The elastic--plastic computational analysis which is discussed in this article is based on using of the von Mises plasticity condition and isotropic hardening model.
Three variants of FEM mesh density (basic size of element side was 3, 2 and 1 mm, see Figs. 3-5) were performed for each of the model. Compare/sensitivity stress-strain analysis based on bilinear and multilinear stress-strain diagrams of basic steel material, heat-affected zone and weld material were done for each numerical model and FEM mesh density. These diagrams were verified using measurement data from experiments. Welded specimens was subjected to a detailed macroscopic and microscopic examination of using the Vickers hardness test according EN ISO 6507-1, EN ISO 17639 and EN ISO 9015-1 with the main focus on geometry and material properties of the heat-affected zone.
Analysis of results
Damage in welds occurred in all samples according to the assumptions. Resulting total strain and von Misses stress for numerical models with the densest FEM mesh and for maximal achieved strength in tested samples is possible to see for all three types of tested and modeled welded specimens in Figures 6 .
The resulting stress-strain diagrams of calibrated numerical models were subjected to detailed analysis and compared with the experimental results. Overall, the comparison between the results of numerical modeling and experimental data showed a good agreement (Figs. 7-10 ). 
Conclusion
The article described numerical modeling of the welded joint in steel structural elements based on experimental tests and their numerical analysis in the program system ANSYS. The experiment was focused on stress analysis of fillet and butt welds in supporting elements of steel structures. On the basis of these experiments there were obtained parameters of a real stress-strain relations that will be used as input data for further works in the area of modeling of specific types of welded components.
The results of the study suggest that the numerical modeling describes the stress--strain state in welded joints with sufficient precision. The proposed computation procedure could be used in design practice for calculations of the stress-strain state in welded joints.
